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Apsiract

JET Engine Test Strategy {(JETS) Is an
innovatlve prograty for Improving existing
Air Force Jet angiric teat cefla, Thiy pogor
desciibes the key elements of the JETS and
discusses the phased approgch for fis
implermeniation and realization of the
beneflis. The propased systarr components
Fry Implamentetian of IETT bonoflic are
confalned in the Auteenzted Jot Englne Test
Eystom [AJETS), which Includes the
INSUVMEN@Oon  SysTenT, TIolia Comro),
enpine-spechic test progroms, and a
network, Charts and oholns are used
fustrate coment and projecied features and
banelits of JETS.

INTRODUCTION

Background

Until the cary S50s, |2t enging 1asting consisted
of lechniques and procedJres that wers, for the
mael pad. an adaneinn af thaeas malhoos
developed for testing reciprocaling engines.
Testing facused on warfleatich of crilical
Halarglers, duch gy all pressyie and enyins
reyolutions per minute (RPM).  Manyal test
procedures evohved over Lhe nexl twenby years.
Jet =ngine testing further ewvolved  with
Intrododlion  of Engine  TestTnim  Analysis
Qyrtarm  {ETT.AT). Racant  sdvanzes in
coymputers  and  telecommunizations have
enabled benefits of Mproved testing aend
TRUWAA]l Lpmrelitg and supghdl acsts. A5 Tt
approach ¢ Implament upgrades to existing 105t
cell Instrurmentabion, a Commential Opérations
and Support Sevings Inillative {COSSI) was
underlaken, COS5I is implemented 85 & cost-

sharing iniliative where benefits of the system
arg demonsirated as pard of a demaonsirafion
phase. For JETS the demonsiration phase is
designatad as Phase |,

Qbjectives

The Jet Engine Tesl Slrategy uses the
imerfaces enabled By Mmodem computers and
Lolgsommunicotions 1o improve signal quality in
the engine test cell, implement engine
disgnostics and pregnostics, and share data
and  propulsion  rRSources  for  dmprovied
performance and o0st durdng the Yife cycle of
the jat engine. Improving test call dala quality
and incorporating a nctwork 1o share data are
expecied {0 resufl in improved engine safely,
culondad lirne of wing, réducid auppot coxa
for the test cell, and meduced environmental

impact.

The primary initialives that are being introduced
in 1hie pragram ara Impravad ssaene and aipgnal
quality, enpine prognosties, streamlined Tesl
Frogram Sel  (TPS) developmenl, and
deecrgsacy vyetall suppuil cuslz. hngrosal
sensor and signal qualily are to be achieved by
inCreasing dala acquisition ratés and acturacy,
implementing sensor validation algorithms, and
tapiuring the sipnal 45 closa to the engine a5
pragtical,  Prognoctic slgorithme arme o be
applied for & specific engine Type, Model, and
Serics {TM3S), by retieving amd anayzing
daicived dEnE Tom (e host mmpulur. A
siructured apprzach fer requirements deflnition
and usa of a ganers TFS will vield benefils of
decieased TPS development time. By
implementing the improvemenls 0 tha
provioutly dogoribed areng, engine cupport




costs are projected o be reduced in several
ot rategarns

Owverall System Benefits

The projecled overall system benefits are as
fallows:

1) Reduce unscheduled enging removals
2} Reduce fuel used during lesi

3) Reduce manpawer 1o perform testing

4) Reduce vanpower equirements  for
Precision Measuremani Equipment
Laboralory {PMEL)

5) Reduce time fortesting
8) Reduce out year sustainment cost

Ty Exlend lifa on wing  throuspgh accurate
prediction of impending companent failures

To achieve 1hase system berafits tha AJETS
fasier configuralion must meet or exceed the

folfowing requirements:

1) Provide fully automated, closed-laap testing
of all Air Force engines

2} Significantly reduce support cosis In the oul
yedrs through Implementalion of universal
Ergine lesl concepls

3) Provide [Improved savings-to-invesiment
ralica through the maximum uae of data
trending. diagnostics, and prognostics

4} Previde for pulomplic, recarring, #ystom
level, facility s2/f-lest and calibration control

L) PFrovide mavimum suppest af environmentsl
impact control by automalically collecting,
sloring, and reporting engine run dala

6) Interface with the engine dala management
concepls to  Ssupport  Engime  Life
Managa el

Implementation

Te achieve the overall system benefits the

JETS was siructured as a two-phase program.
In Phase | the AJETS harlware and sofiware is

integrated inlo the test cell o demonstrate the
sangapls and solleol oo ond bonoft data.  In
Phase 11 the hamdwarg and software are further
developed to meet the system requirements. 1n

addition, inlegration and installation in a'l Adr
Farrs teet nalle onef cabs will be achizwved.

AJETE has been installed in Lhe TFI9 test cells
dal Travia A F.B aid Duve A F B, Thre fullowing

paragraphs will describe the systern hardware

and softwara features. These femlures are
described in terms of the 1est cell interface and

henefis,

Priorto AJETS Installation

Tha test csll al Travis A.F.8, prior ta installation
of the AJETS is shown n Figure 1. In addilon
in tha coanfrale and indicators for engine and
test cell control during an engine run, the phato
shows the manual stick throtlle, the display far
GRIMPUIET Wrenips, and e GHmerda monior,

Figure 1. Travis Test Gell Bafore AJETS
System Overview

The objective of the AJETS installation in the
Trag tcal <cfls waa to replace  cxdating
insirumentalion, consisting pimarily of ETTAS
insirumentalion, with  modem, reliable
instrumentation  with  improved  software
capabilities. Te implement JETS, each lest cell
ir modifimd In the AIFTRE rnnfiguration. &
network is established 1o upload and download

data to each iesl cell and cornedt users and
olhey databases 1@ this ootwuk. Chess
databsses include Engine Trending and
Diapnostics &0) and engina performance
maodels. he AJETS congisis of an
Environmental Contral Unit (ECU} that houses
tha data scmucitian sygtom,  sancarg &nd
cantrols located in the engine run bay, and #




warkstalion, data acquisition system, vibration
imanitor, ond throtlle contro! located in the
conlrol room. Wireline telemelry is used to
canlrel the data aequisition  system  and
Communicate engine and test cell data horn e
run bay ta ihe control rRoom.

Subsyslams of the AJETS as installed in TF39
test calls includa instrumentation 1oeaied in the
angine bay, which includod:

1} The L3 Commuistcalions
Telecommunications and Insirumentation
data acquisition sysiem, which includes the
anvironmerdal control unit and  integrat
prassure fransducers

21 The stepper molor and resolvar supptied by
Process Contrgl Technology

Subsystemns located in the contred oom shown
in Figure 2 include:

1} Aulomsted Data Acquisition System (ADAS
SI00™) daveloped by L-3 Communicatians

2} The Sun workstalicn and fat pane! display

2} The throttle control computer and the
giepper motor drivedranslator developed by
FST

4) A Mechanical Technaology, Ine {MTi}
vibwadios analysis system.

Figure 2. Control Room Instrumentallon
Control Room Signal Conditioning

The primary system lacaled in the canlrol roam
is the [Qata Acquismion HSysiem (UAS]) thal

includes & digital and anelog Interfaces, The
prmary inlerfaces are the fwo sedal interfares
to DAS |ocated in the engine bay, ane for data
acquisition (6o-ax Hot Link' ™) and the other for
programming {RS=-422). Digial interfaces are
used to receive the dighally encodss thraitla
angle and discrele averheat signals. The anafog
Interface recaives the vibeation signals from tha

vibratlon analysis systam.
Engine Bay Signai Conditfoning

The skgnal conditioning mounted I the engine
bay is shown in Figure 3. This phote shows
pressure gignal calibration hring performan By
PMEL parsonnel.

Figqure 3. Englne Bay Mounted Signat
Conditigning

The photo shows the Envireamenlal Conlrol
Unit, an enclosure housing a Data Acquisilion
Sysiem. The ECLI conditions the air with(n the
enclocure Throngh nxe of a heat exchanger.
The enclosure provides front access to signal
gondilioning sircuit cards assemblies, rear
auoess o winng Detween bulkhead Saonmectors
and signal condilloning cands.

The signa! conditioning rack houses Universal
Signal Conditioning Amplifiers (USCAs). The
usca can be remotely programmad  with
algorithms 10 match the sensors in the test cell
oron the engine. At the heart of the USCA are
progremimabie gain amifiens, Olers, asoaleg-
to-digital conveders, and digdal  signal
processors. The AJETS employs an 8-channel
confguralion. The USCAs were originally




developad in  conjunctien  with  National
Agranaulice and Space Adminlclration (RIABA)
engineers, and wsed innovalive methods to

reduca costs while maintaining  perffoomance
ain] aafety.  Addiilcoal Information on the

capsbilitigs and application of USCAs and the
ADAS 5000™ Is provided in Ref, 1,

Throitla Subsystem

The throttle sysiem installed in the TF23 engine
test call consists of the following componénts:

1) A stepper motor mounled In the enging
adopter to drive o pulloy en the sable
attachad to the engine throttle assembly,

7 A racnlusr mnoniad in the angine adspdare tn

read the angle of tha pulley.

3 A Master Contral Ung MELY mounted in
the contrdl roQm 10 provide closed-locp
cortrol of the engmne throrle. Tha MCU is
an ingualrial grads ¢ompulor thal control>
tha intedace for the modar Lransiator,
resalvar angle feedback, and Contraller,
The MCU has additionzl imerfaces far
either digital or RE-232 remota control of
throt e prsHian.

4) A Control Wait locatled in front of the

operalor.  for  convenient. safe  enaine
throttle position control and feedback.

5) A Translator lhat commands the stepper
mgtor,

€) An interaca cable set.

in the conlexl of sysiem benellis, the throttle
provides computer contrel of an  Interface
previously manuzny Cononea, ompuver
contral of tha lhrottle makes upiform and
smooth  lhroltle  contral  possible.  theraby
enabling repeatable Turbine Inlet Temperature
mangins and wibratipn specira, These
cnhancementa wlll ailew Incrcaacd vizibility inla
hearing and accessory wvibration.  In Addition,
repeatabilily of lemperalure mangins (Qualily)
will add (o the devedpmerd and rafinement of

fleel wida perfformance megsures and melrics.
Thea thrattla Coatral Lisid s dvnwn in Figom 4

Figure 4. Throllle Contraller

Vibratian Subsyefam

The TF3R has four engine-mounted vibration
Wansaucers, Iwa &M Dasic  engine
accelerometess. The ange mounted os the rear
comoressor  frame monitors  core vibralion.
whereas the ona mounted on Lthe rear jurbine
frame monitors fan vibration.  Two weloclty
pidkupzs ore olse inotallod during 1ot en
vibration pads 1380 degrees rotation from the
actelarometer pads.

A charge amplifier, (ocatad in the eagina bay,
candidinns and cnauerte tha charge sianals foom
the two accelarometers info velocity signals.
Four velocity signals are wired into 3 vibrafion
analyala ayalom heealed 0 Uis conlrul 1w
The exisling vibration analysis systerm installed
in fhe TF39 test cells uses the MTI PBS-
4100™, The PBES-4100"™" [ealures both
balancing and vibration analysis &lgonthms.

The balancing algorithms are used to balance
the fan of the TFA8 high bypass engine, The
VIoralon pHAse reldive 10 [acnomeer phase (s
uged to predied the bBest the  eoation for
installing balancing weights.  Akwithims are
engina-specific and tailored fo mclude such
informatian as bolt hote Iocalion and weight

inararmarnta,

Tha vibratlon analysis system Includes racking
jiners whose Cenlar requencsas dra al e fan
and caore speads, and displaya bolh far broag
band and tracked wibraticon oulouls. Qutout
farmats Include numeris, spectrums {vloration




ys frequenty), vibration surveys (vibralion ys
spRed). wavefomn (vibration vs timel. Figune 5
shows the vibralion survey as seen on the PES-
4100R™,

B-7 T

Figura 5. VIDIaion Sunvay 107 1H3Y Engine

In the context af meeting Syslem requirements,
the wvibratun dots s avallaile o dlegooge
problemns both real-lime through an analag fnpul
In the fata acquisibaon syslem. and ower
Ethernet. As parl af the Phase I1 program
eifert, mullnes will be developed o refale
fraqueancy and ampliuds of vibration o cpacifie
rotating componants on the engine. The use of
walerfsll plots, a comprahansive Reefwide
Qxapase, @ana  mpementauocn  or - signal
conditioning Bt the enging are expected lo yigld

benefils of imoroved sonal ovality and
diagnoslic capahility.

Tast Proyramn

Tha tost pmprsm 8 an sulomainad

implemeniation of the engine tast Technical

Qrder. The test program identifies lasiing to be
accomglizhed on Lhe ongine and gerferma the

fellovsing funclilons:

17 Display realdime engine data to Lhe
operator

2} Allgw operater SRIECHSN G last Saquencmng

3] Sequence the fesi

4) Detect and display alarms

53] Datect and display lesl passTail canditions

6) Caplure data
Ty P Ll resyis

The critical display for the operatar 15 shown in

Floure &

Figurs &, Critical Display

In e Phass | Impanealgkon e es
sequence js seml-aulomaled In hat the
operalor it requedsd o perform  certain
operalions while the System moniors engine
performantge. In Phase 11 the e sequence will
ko fully aulamalod te inctuda ledd pregram

cantrg| of the engine throitle and the engine and
tesi cell controls and acluators.

Advanced Diagnostics

Advanced dlagnostics for the JETE program will
be implemenled a: part of the Phase |l effert
Vibration ang ather operational JIaQnNosics ara
the starting point for reducing engine operaling
angd maintenance  oosts Maonostirs  and
prognastics will include the following:

T} Rolaling caccasbve  wibialion 1o rolating
enging componants and accessones

Z} LUaing gencer walidotlon rowinoe 1o coporalo
test cell sensor failures from  engine
operational problems

3 Using real-lime performance data analysis
1o isokate engine (HOblEMS

4% Usirg shared angine analysis and engine
models of the gas peth to improve engine




performanca testing and make force-wide
darksinns

Data Management

The key to reducing overall operaling and
support cost is & netwark of shared resources,
EaGh sl el will b aclwuiked o a werhal
engine test cell host site. Download of soflware
and perfformance rmetrics, and upload of test
data and resulls is scheduled as part of Phase
Il. Destgn consideration is being given 1o areas
aof gecurity and access, data flow and siza, and
data content including metriss.

EACN 151 Cell CONSISIS DT A Iocdl NeTworK that
Inked the Sun worksistion, Sysiem 500 data
acauisition svstem. and PBS-4100™ vibration
analyzer. In addition to the access provided to
each tesl cell lecal network, the host computer
must gain of previde aocead to olher aystemns.
The systems will include: 1) engine trending
sites for comelation of flight data with test cell
data on an individual Engine Jenal Mumber
(ESM} hasis or 4 TMS basis; 2) using
pammands  Aanress o enging metrics and 1est
cell metrics; and 3) propulsion engineering
eccess to engine performance data, engine
medeling, and aimulation capabilitics,

Conclusions

The capabilities of the AJETS lo satisfy system
requiisinginle o reduasad suppntl vusls aod
improved engine testing and accountakility are
being tdemonsirated during Fhase 1. The inttial
findings are favoreble in the qualily of the
signals, capabililies to store and network data,
ard sell-zalibration, Additional data will ba
collected during Fhase | {p determine the cost
ard performance banefits,
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1. WHAT TYPE OF CONTRACTUAL COMMITTMENT CURRENTLY EXISTS
FOR THE AF OH THIS PFROCUREMENT WITH L-3 COMMUMNICATQNE?

We have an OT (Othar Transaction) agreament supportan hy ASEC for DARPA
Cther Transactions are agreements used for research and prototype projects that
are principally defined in terms of what they are not. They are not a contract,
grant, or cooperalive agreement. To the extend that a statute or regulation is
limited in its applicability to the use of a ¢entract, grant or cooperative agreament,
it generally does not apply to an Other | ransaction. For example, the Confracts
Disputes Act and the Federal Acquisition Regulation do not apply to Other
Transauliuns. The Nalivnal Defense Aulthurizalion Al fon FYST provided e
Secretaries of the military departments OT authority to carry out prototype
projects  OTs arc non FAR baaed agreement which provide greatar flexibility
and enhanced government participation with commercial industry. Section 845
rf Puhlice | aw A03-AR0, ag modified hy Section A04 of Puklie 1 aw 104201,
provides the Secretary of the Air Forge authority to enter into transactions (other
than contracts) under 10 U.8.C 2371 for prototype proiects directly relevani to
weapons of weapan systems proposed 1o be acguired or developed by the DoD.
This authority terminates 30 Sep 59 unless extended by Congress. The Air
Force Deputy Assistant Secretary for Contracting {SAF/AQ) policy memorandum,
6 May 97, provides Air Farce guidance far executing an OT for prototype
program.

Meoro info regarding OT can be faund an the 11Q AFMO/TKT heme page at

2. WHAT IS AF COMMITTMENT WITH COSSI?

To compete for selection into the COSS) program requires that a detaiied,
properly formatted proposal be presented to PoD for evaluation. |n this proposal,
the purpose of Stage 1 must be defined. The purpose of Stage 1 is to prove that
after inserting four prototype kits into the existing lest cells, we will be able to
AEMOnsIrare e proposed operatons and SUpport Savings previously predicred

and/or calculated. In addition, the inserion of these kits will not impede or
degrads the existing teat cell’'s pedformances. Dosed on the demenatration of

operations and support savings as predicted and the fact that insertion of the kits
does neot impede any of the operations, we may procead to stage 2. When we
decide to transition to Stage 2, we have a goad faith commitment to acquire
these kits on a sole source basis from L-3 Communications.

3. WHEN IS STAGE 1 CONSIDERED "SUCCESSFUL™?

There are several factors to be cansidered, 1} Technical Success - Is the L-3
Acquisiton System ame o echnically support all of the Inputs mom ing exising

engine sensars, does it provide 1he proper readouts at the appropriate time, is if
sapaklc of supporting the otoroge and ranomitial of the dota, cto. Theoe arc




